Clinical Efficacy of Self-applied Blue Light Therapy for Mild-to-Moderate Facial Acne [ 
S ubjects who suffer from mild-to-moderate acne are generally treated with over-the-counter topical cleansers, astringents, and benzoyl peroxide preparations. For more severe flare-ups, they may receive treatment from healthcare providers with topical or systemic antibiotics. 1 Increasingly, Propionibacterium acnes has been reported to develop resistance to antibiotic treatment, making this modality less effective. 2 Moreover, patients often feel the psychological pain of the few effective treatments and of chronic persistence and recurrence of their acne. 3 Phototherapy with visible light, specifically blue light, has been shown to improve skin condition in cases of acne and blemishes. 4 It is further reported to control the condition before an outbreak occurs. This blue light therapy is clinically shown to control acne without harsh chemicals or prescriptions and improves the skin's appearance. Tända ™ Clear Acne Light Therapy Treatment (Pharos Life Corporation, Cambridge, Ontario, Canada) is blue light therapy. It is noninvasive and designed for self-care use. This treatment is drug free without any form of unfavorable side effects. It does not cause redness, flakiness, or dry skin.
MILD-TO-MODERATE ACNE
Acne vulgaris is a common skin condition affecting 70 percent of adolescents 2 and frequently continues into adulthood. [5] [6] [7] The mainstay of treatment of acne is the use of topical or systemic antibiotics, benzoyl peroxide preparations, and topical or systemic retinoids. 7 The rapid increase in the incidence of antibiotic resistance in the causative bacterium P. acnes is of concern and there is a pressing need for effective, nonantibiotic treatments. 8 Acne often improves after exposure to sunlight or artificially produced solar radiation. P. acnes produce mainly coproporphyrin III, which has an absorption spectrum peak at 415nm. 9 In-vitro irradiation of P. acnes colonies with blue visible light leads to photo-excitation of endogenous bacterial porphyrin, singlet oxygen production, and bacterial destruction. 10 It has been shown both in vivo and clinically that acne may be treated successfully with blue visible light phototherapy.
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CURRENT TREATMENT FOR MILD-TO-MODERATE ACNE
Topical and oral antibacterials, such as tetracycline and erythromycin, are the mainstay of treatment for acne vulgaris. Antimicrobial therapy usually lasts a minimum of several months and can continue for years. More recently, other oral formulations, including minocycline, doxycycline, and trimethoprim, have been widely used. 7, 11 Oral isotretinoin is considered to be the most effective acne treatment currently available. It is reported to induce long-term remission in some individuals. The indications for use of isotretinoin have recently been broadened from nodulocystic acne to less severe forms of acne, including mild-to-moderate disease that fails to respond to systemic antimicrobials or acne associated with severe psychological problems. 7 However, isotretinoin is highly teratogenic, and women must avoid pregnancy during treatment and for one month after treatment. It frequently produces significant mucocutaneous symptoms and, less frequently, systemic symptoms, such as myalgia, headaches, and depression.
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MATERIALS AND METHODS
Tända Clear (TC) is a 414nm blue light-emitting diode (LED) treatment that is scientifically and clinically proven to kill the P. acnes bacteria that causes mild-tomoderate acne. 12 This device will help improve existing blemishes as well as prevent future outbreaks. It is indicated in the treatment of mild-to-moderate inflammatory acne. Definitions applied are given in Table  1 . The self-assessment chart that provides users with information on their condition is based on an amended Burton 13 acne grading scale. Subjects included in the study were instructed by the staff and performed the first treatment under supervision by the clinician, after which self treatment was conducted at home. Affected areas on the face were treated placing the device in contact with the skin. After treatment, the head of the device is easily removed and cleansed.
For the study, TC was applied to the applicable area once daily for six minutes for a period of eight weeks, after which the treatment was completed. The device turns on automatically after the switch is activated, and the unit comes in contact with the skin. Subjects were instructed to wear protective goggles to avoid exposure to the eyes. Treatments were conducted in office during scheduled office visits and at home by the subject throughout the remainder of the study. Specific instructions were given in the instruction sheet provided to the subject. The present study evaluated the performance of self-applied, LED, blue light therapy in the treatment of mild-to-moderate acne on the face, with regard to the following:
• time to improvement and time to resolution of the number of blemishes and lesions on the face; • quality of skin condition; occurrence and count of the number of new blemishes and lesions; • ease of product use; • Patient comfort, wellbeing, and satisfaction during the treatment period; safety of treatment. Twenty-one patients with mild-to-moderate acne were included in the study. Patients fulfilled the inclusion criteria prior to recruitment to the evaluation (Table 2) .
Subjects at the Tennessee Clinical Research Center, Nashville, Tennessee (N=21) were included in the study according to the inclusion/ exclusion criteria and after signing the informed consent form under the auspices of an institutional review board. After the subjects agreed to participate in the study, they were supplied with a Tända ™ Skincare device. During the eight weeks of therapy, treatment was given to the site of the face where mild and/or moderate acne was present. For observation purposes, the areas on the face were divided as follows: the left and right forehead, the left side of the face, the left chin, the right side of the face, and the right chin. According to the presentation of the subject's skin condition, the applicable areas of the face were included in the study. A skin-cleansing regime was carried out using Cetaphil ® cleanser (Galderma Laboratories, Fort Worth, Texas) before the blue light treatment.
The present clinical evaluation is a prospective, controlled study. Table 3 provides information on the number of visits and activities during these visits. Visual examination and evaluation of skin condition were performed by the clinical investigator and the subject according to the time schedule described in Table 3 .
The effectiveness of TC treatments was measured by the change in the acne-grading scale used from the pretreatment level. Assessments, the filling out of a questionnaire, took place before the start of the Tända Clear treatment at 0 (TX1), at 24 hours (by phone), 72 hours (TX2), and at 1 (TX3), 4 (TX4), and 8 weeks (TX5). If resolution of the blemishes and/or lesions occured before the eight-week study period, the patient returned to the clinic for a final evaluation.
In order to stimulate compliance with the treatment protocol, subjects were informed that details on the use of the blue light were stored in the device's memory.
Tests were carried out at the five-percent significance level. Data management and analysis was performed independently with SPSS 16.0 statistical software. Where appropriate, ANOVA (repeated measures twoway analyses of variance test), student t-test, and MannWhitney test for N=20 were used. Tests were carried out at the 5-percent significance level. The confidence interval was 95 percent.
Before the start of the treatment, six subjects used a topical treatment for their acne, and no systemic treatment was used (Table 4) . One month prior to and during the study, subjects did not receive treatment to the Patients that have shown not to be able to correctly and safely self-apply TC, as they did not understand the use of the device or expressed not to be confident to perform self treatment with TC face with microdermabrasion, glycolic acid, or <20% trichloroacetic acid (TCA) peels. Three months prior to and during the study, subjects did not receive treatments to the face with nonablative laser or other forms of light treatments. Six months prior to and during the study, subjects did not receive treatment to the face with dermabrasion, >20% TCA peel, botulinum toxin, filler injections, cosmetic surgery, isotretinoin, or photodynamic therapy.
RESULTS
Twenty-one subjects concluded the study (18/21 were female and 3/21 were male with a mean age of 31 years). Subjects expressed confidence in the use of TC for self treatment of acne without the supervision of a doctor and/or clinician. Regarding their previous treatment prior to the start of the study, 33 percent of subjects (n=7) expressed dissatisfaction and 33 percent of subjects (n=7) gave a neutral answer.
When asked whether their expectation of the blue light treatment outcomes would be better for their condition than previous treatment, 76 percent of subjects (n=16) expected to see better results with TC and 23 percent of subjects (n=5) gave a neutral answer.
Upon the first outbreak of acne, subjects had a mean age of 15 years (range 8-28 years), and 19 subjects had mild-to-moderate acne for a mean duration of 13.1 years. The study showed that daily self treatment using the device for mild-to-moderate inflammatory acne reduced the number of inflammatory acne lesions significantly.
The total number of papules within subjects during treatment had reduced, and was significant for TX3 with a 21.8-percent reduction (p<0.048), TX4 with a 41.03-percent reduction (p<0.005), and TX5 with a 35.64-percent reduction (p<0.009) . The total number of pustules measured within subjects during treatment had reduced, but this difference was not statistically significant. Similar results were witnessed for the nodules.
During the study period with blue light treatment, the total number of comedones (blackheads and whiteheads) on the face had significantly reduced. The reduction was statistically significant for the assessment at Day 7 (TX3) with a 22.8-percent reduction (p<0.019) and at Day 28 (TX4) with a 39.1-percent reduction (p<0.001) in total acne lesions. For the assessment at Day 56 (TX5), there was a slight increase noted of these noninflammatory acne lesions. The total number of open comedones (blackheads) on the face during the treatment period measured within subjects was reduced significantly with a 41.5-percent reduction (p<0.02) for assessment at treatment Day 7 (TX3) and a 50-percent reduction (p< 0.005) for the assessment at Day 28 (TX4).
The total number of closed comedones (whiteheads) on the face during the treatment period measured within subjects was reduced significantly with a 30.4-percent reduction (p< 0.007) for the assessment at Day 28 (TX4) (Figure 1) .
Assessment by the clinician looking at facial skin irritation showed that there was light skin irritation before the start of treatment (mean score was 2 on a 5-point scale-1=strongly disagree; 5=strongly agree) that had slightly improved by the end of the study period. At the start of the study, a light dryness and flakiness was observed, which had significantly improved during the study period.
Signs of inflammation had reduced during the treatment period with TC from 10.6 percent of subjects to 9.5 percent. There were no signs of allergic reactions observed during the study period.
Subjects reported little or no pain or just a slight warm sensation that reduced quickly within minutes after TC therapy treatment. Further, there was little or no irritation reported during the treatment. Most of the subjects expressed the opinion that their skin looked better after the blue light therapy treatment period had been completed (Figure 2) .
All of the subjects reported that the blue light treatment was easy to perform, they felt confident in administering self treatment once daily (Figure 3) , and they thought treatment with the device was safe (Table  5) . Two typical cases, as shown in Figures 4 and 5 , illustrate the results with the Tända Clear system.
DISCUSSION
A subject with moderate or severe acne has a welladvanced case of skin inflammation, which is to be addressed with the treatment. Studies have been performed that report on successful treatment of acne using blue light.
14 These studies used various types of LED light sources and had patients visit the clinic for treatment twice weekly.
Self treatment with TC has advantages and may save costs. The present study results obtained are in line with other studies using LED, where treatment was conducted during clinic visits. 10 Twice-weekly application in the clinic with blue light LED has been shown to reduce the number of acne lesions 10 and is even more effective when applied daily.
The proposed mode of action of LED application is that a porphyrin (coproporphyrin III) produced within General impression of the blue light device and treatment 4.14 0.57 Figure 1 . Evolution of lesions during the TC treatment period.
• The number of lesions given is the mean number of lesions measured within the individual subjects during the eight-week treatment period • Time is given as measure points during the visits: TX0 to TX5. During the phone call (24 hours after the start of the study), there was no measurement performed on the items presented in the graph
• Score range = from 1 to 5 (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree) • * = mean score (on a scale of 1 to 5) P. acnes generates free radicals when irradiated by 420nm and shorter wavelengths of light. 15 When LED is applied over several days, these free radicals effectively kill the bacteria. 16 Since porphyrins are not otherwise present in skin, and no UV light is employed, LED is shown to be safe. It has been approved by the FDA. 17 The results of the study showed that the total number of pustules measured within subjects during treatment had decreased; however, this difference was not statistically significant. Similar results were witnessed for the nodules. Some of the subjects had deep-seated pustules that occurred on the bearded area of the face. During the outbreak, they refrained from shaving because of the painful or exudative nature of the lesions. This may explain why there was a reduction in these lesions with the blue light LED treatment; however, the reduction was not large enough to demonstrate a statistically significant difference.
With self treatment using TC for daily applications, optimal treatment is provided, as demonstrated by the study results. Subjects expressed that the instructions given for how to use the device were clear, and that they had positive expectations regarding the effect of the blue light self treatment for their condition. Subjects also expressed that they trusted the device and believed that it was safe (Table 5) .
Subjects found the use of the blue light device to be easy, even with daily applications. They did not experience any difficulties when using self treatment with TC, even without supervision of a doctor. Motivation of subjects to improve their acne is high, which may explain excellent concordance with the treatment reported during the study.
TC is indicated for the treatment of mild-to-moderate acne. In this study, most of the reduction of signs of acne were achieved for the number of open and closed comedones and papules. It is suggested that the reduction of comedones and papules may support the • The value is given as a mean on a five-point scale, (1 = strongly disagree; 5 = strongly agree) for all the items given in the graph except the amount of pain • Time is given as the measurement points at the visits • Treatment was painful-pain was measured during treatment using a five-point scale (1 = strongly disagree, 5 = strongly agree) • Amount of pain = when pain was experienced, the level of pain was measured on a VAS 10cm scale, where a stroke was placed on a 10cm line.
Figures 4a and b. This female patient had her first outbreak of acne at the age of 17. Baseline (a) and after the eight-week treatment period (b). The total number of lesions had reduced by 62 percent. • The value is given as a mean on a five-point scale, (1 = strongly disagree, 5 = strongly agree) for all the items given in the graph, except the amount of pain. See Figure 2 notes for how amount of pain was measured.
• Time is given as the measurement points at the visits 4a 4b
reduction of early signs of acne and, therefore, may support the prevention of new outbreaks.
CONCLUSION
Subjects evaluated self administration of the blue light treatment according to the device's labeling as being safe and effective. The study showed that daily self treatment using the device for mild-to-moderate inflammatory acne reduced the number of acne lesions significantly. Moreover, the study demonstrated a significant improvement of the subjects' skin conditions. Subjects included in the study were able to safely and effectively administer self treatment with the device and felt confident doing so.
Figures 5a and b. This 28-year old male patient had the first outbreak of acne at the age of 23. Baseline (a) and after the eight-week treatment period (b). The total number of lesions had reduced by 94 percent. The number of open comedones was reduced by 100 percent, the number of closed comedones was reduced by 100 percent, and the number of papules was reduced by 84 percent. There were no pustules or nodules present at the start and end of treatment.
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